Introduction: Data on relationship between lipoprotein(a) (Lp(a)) and nonischemic heart dysfunction are limited. This study is aimed to assess the association between Lp(a) and left ventricular systolic dysfunction in a Chinese population of patients with hypertension and without coronary artery disease (CAD). Material and methods: This cross-sectional study included 1611 patients with hypertension and without CAD in China. The factors associated with left ventricular ejection fraction (LVEF) were evaluated using univariate and multivariate analysis. Results: A higher percentage of hypertensive patients with LVEF < 50% were men, and had lower plasma high-density lipoprotein cholesterol, but higher plasma Lp(a), serum creatinine, and hemoglobin levels than those with LVEF ≥ 50% using univariate analysis. When participants were classified as four groups according to Lp(a) quartiles, LVEF was decreased with increased Lp(a) levels. The prevalence of LVEF < 50% was increased with Lp(a) quartiles. Multiple linear regression analysis indicated that plasma Lp(a) levels, man, and serum creatinine levels were independently correlated with LVEF in hypertensive patients. Multiple logistic regression analysis indicated that plasma Lp(a) levels (OR = 5.566, 95% CI: 1.745-17.758, p = 0.004) or Lp(a) quartiles (quartile 4: OR = 3.234, 95% CI: 1.290-8.105, quartile 1 as reference, p = 0.012) was independently correlated with LVEF < 50% with adjustment for other potential confounders. Ordinal logistic regression analysis demonstrated that Lp(a) (OR = 5.760, 95% CI: 1.831-18.120, p = 0.003) was independently correlated with different LVEF categories (≥ 50%, 35-49%, and < 35%) in hypertensive patients. Conclusions: Left ventricular ejection fraction is decreased with increased plasma Lp(a) levels. Lipoprotein(a) is independently correlated with left ventricular systolic dysfunction in patients with hypertension and without CAD.
Introduction
There is mounting evidence that elevated plasma lipoprotein(a) [Lp(a)] levels contribute significantly to the incidence of cardiovascular diseas-es (CVDs) including coronary artery disease (CAD) [1] [2] [3] . Lipoprotein(a) exhibits strong atherogenic properties and can cause more severe and diffused coronary artery lesions [4] . Numerous studies demonstrate that elevated plasma Lp(a) levels can increase the risk of myocardial infarction (MI) and mortality in CAD patients [5] . Elevated plasma Lp(a) levels are also associated with impaired heart function in CAD and MI patients. Patients with high Lp(a) have worse regional wall motion and decreased left ventricular ejection fraction (LVEF) [6] . However, data on the relationship between Lp(a) and non-ischemic heart dysfunction are limited to date.
Hypertension remains a significant risk factor for development of heart failure, with various mechanisms contributing to both systolic and diastolic dysfunction. The pathogenesis of heart dysfunction includes left ventricular hypertrophy and fibrosis, increased arterial stiffness, activation of the sympathetic nervous system and renin-angiotensin system, etc [7, 8] . Increased arterial stiffness will possibly increase cardiac afterload and further risk of heart failure [8] . Elevated plasma Lp(a) levels are commonly detected in hypertensive patients and are correlated with target organ damage such as CAD, stroke, and renal failure [9] . The atherogenic effect of high Lp(a) levels may possibly also lead to aortic arteriosclerosis and increased arterial stiffness in hypertensive patients. Therefore high Lp(a) levels are speculated to be possibly associated with cardiac dysfunction. However, whether Lp(a) is associated with heart systolic dysfunction in hypertensive patients without CAD remains to be elucidated. Thus, we present this study aimed to assess the association between Lp(a) and left ventricular systolic dysfunction in a Chinese population of patients with hypertension and without CAD.
Material and methods

Study subjects
It was a cross-sectional study which focused on patients with hypertension and without CAD in China. All the participants (n = 1797) aged over 20 years old had been consecutively hospitalized in the cardiology or hypertension division of Shanghai Rui Jin Hospital between January and December 2014. Hypertension was diagnosed when systolic blood pressure ≥ 140 mm Hg, or diastolic blood pressure ≥ 90 mm Hg, or when actively treated with anti-hypertension drugs. The hypertensive participants in this study were hospitalized to perform clinical assessment and also evaluate whether cardiovascular risk factors, target organ damage or accompanying cardiovascular diseases were present. All participants who had ever received coronary angiography (CAG) or coronary computed tomography (CT) angiography and CAD patients were excluded from this study. Coronary artery disease was diagnosed when diameter stenosis was > 50% in at least one main coronary artery, or when there was a history of confirmed acute or old myocardial infarction, or a history of revascularization by percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG). Other exclusion criteria included congenital heart disease, acute infectious diseases, liver failure, hypothyroidism, pregnancy, mental disorder, or cancer. After the subjects with exclusion criteria or incomplete data were removed, there were 1611 participants left.
The study complied with the Declaration of Helsinki. It was also approved by the ethics committee of Shanghai Jiao Tong University and informed consent was obtained from all the participants prior to enrollment.
Blood sampling and laboratory test
The blood samples were collected from each patient on the next day after admission. Plasma Lp(a) levels were measured using an immunoturbidimetric assay (Wako Chemicals USA, Inc. Richmond, VA) with a Hitachi 912 autoanalyzer (Roche Diagnostics, Basel, Switzerland). Meanwhile, the levels of plasma total cholesterol, total triglyceride, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), plasma glucose, and serum creatinine were analyzed by the automatic biochemical analyzer. Blood cell tests were executed using an automated blood cell counter (Beckman Coulter LH750, CA, USA). Laboratory test results were generated by personnel blinded to the clinical characteristics of the study participants.
Blood pressure and echocardiographic measurements
Blood pressure was measured using a standardized automatic electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan). One experienced physician performed 3 blood pressure measurements using an American Heart Association protocol after study participants had at least a 5 min rest in the sitting position. Study participants avoided eating, drinking alcohol, drinking coffee, smoking, exercising, and bathing for 30 min before taking these measurements. The mean of 3 blood pressure values was calculated and used for further analysis.
One echocardiographer blinded to the biochemical examination results of the study participants performed all echocardiographic measurements using the Phillips IE33 device according to the American Society of Echocardiography (ASE) recommendations. M-mode, two-dimensional, and color Doppler images were first recorded, and then analyzed offline. Left ventricular ejection fraction assessment was based on two-dimensional echocardiography using the quantitative two-dimensional biplane volumetric Simpson method from 4-and 2-chamber views. Intraobserver reproducibility was assessed among 25 randomly selected patients. No significant difference was found (intra-observer: mean difference: 1.4 ±0.20%, p = 0.701).
Clinical data collection
A case report form was developed to assess the general characteristics, clinical diagnosis, medical history, medical treatment, and biochemical examination. Blood pressure measurement recorded in the form was obtained on admission. Current smoking was determined when subjects were smoking currently and had smoked more than one cigarette daily for at least one year continuously. Diabetes mellitus was diagnosed by a fasting plasma glucose test showing ≥ 7.0 mmol/l, or by a random plasma glucose test showing ≥ 11.1 mmol/l, or when they were actively receiving therapy using insulin or oral medications for diabetes. Medical therapy including statins, angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor antagonists (ARB), calcium antagonists, and β-blockers was also included in the case report form.
Statistical analysis
Data entry and management were performed on Epidata software, version 3.1 (Epidata Association, Odense, Denmark). Data were analyzed using the software program SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as the mean ± standard deviation, and categorical variables as a percentage. The c 2 test and trend test were used to compare categorical variables among several groups. The independent-sample t-test was used to compare continuous variables between two groups. The trend test was used to compare continuous variables among more than two groups. Multiple linear regression analysis which included variables identified as statistically significant in the univariate analysis was used to assess the independence of the association between LVEF and Lp(a). Multiple logistic regression analysis was used to assess the independence of the association between LVEF < 50% and Lp(a). Ordinal logistic regression analysis was used to assess the association between different LVEF categories and Lp(a). Two-sided p < 0.05 was considered significant.
Results
Study population characteristics
In total, 1611 participants with hypertension and without CAD were included in the final statistical analysis. General characteristics of these participants are shown in Table I . Their mean age was 62.4 ±9.67 years. Eight hundred and two (49.8%) participants were men. A total of 1300 study subjects (80.7%) had received antihypertensive drugs. Furthermore, 506 (31.4%) subjects, 970 (60.2%) subjects, and 330 subjects (20.5%) were treated with β-blockers, ACEI or ARB, and calcium antagonists, respectively. The average LVEF was 65.3 ±7.09%. The prevalence of LVEF < 50% was 3.6%. A higher percentage of hypertensive patients with LVEF < 50% were men than those with LVEF ≥ 50% (p < 0.001). The hypertensive patients with LVEF < 50% had lower HDL-C levels, but higher plasma Lp(a), serum creatinine, and hemoglobin levels than those with LVEF ≥ 50% (all p < 0.05).
Factors associated with plasma Lp(a) levels
We also explored the factors associated with plasma Lp(a) levels using univariate and multivariate analysis. The data indicated that hypertensive patients with Lp(a) > 0.13 g/l (median value) had higher LDL-C levels (2.62 ±0.80 mmol/l, n = 774, vs. 2.44 ±0.78 mmol/l, n = 837, p < 0.001), plasma total cholesterol levels (4.35 ±0.96 mmol/l, n = 774, vs. 4.16 ±0.95 mmol/l, n = 837, p < 0.001), but lower LVEF (64.7 ±7.78, n = 774, vs. 65.9 ±6.33, n = 837, p < 0.001) than those with Lp(a) ≤ 0.13 g/l in the univariate analysis. Furthermore, independent factors associated with higher Lp(a) (> 0.13 g/l) were evaluated using multiple logistic regression analysis. Variables identified as statistically significant in the univariate analysis and other important demographic characteristics including age, sex, and diabetes mellitus entered in the regression equation. The results showed that LDL-C (OR = 1.440, 95% CI: 1.040-1.994, p = 0.028) and LVEF (OR = 0.971, 95% CI: 0.957-0.986, p < 0.001) were independent factors correlated with higher Lp(a) in patients with hypertension and without CAD.
Association between LVEF and Lp(a)
The participants were classified into four groups according to plasma Lp(a) levels. The Lp(a) ranges in quartile 1, quartile 2, quartile 3, and quartile 4 were < 0.07 g/l, 0.07-0.13 g/l, 0.14-0.24 g/l, and > 0.24 g/l, respectively. The LVEF decreased with increasing plasma Lp(a) levels (66.3 ±6.19% vs. 65.7 ±6.43% vs. 64.8 ±7.30% vs. 64.5 ±8.21%, p for trend = 0.002, Figure 1 A) . At the same time, the prevalence of LVEF < 50% increased with Lp(a) quartiles (2.2% vs. 2.6% vs. 4.6% vs. 5.2%, p for trend = 0.008, Figure 1 B) . The prevalence of LVEF < 50% in patients of quartile 4 was increased by 2.4-fold compared with that in patients of quartile 1.
In order to explore the plasma Lp(a) levels with different severity of heart dysfunction, we divided the participants into three groups according to LVEF (≥ 50%, 35-49%, and < 35%). We found that plasma Lp(a) levels were further increased with more severely impaired LVEF (0. 
Independent correlation between Lp(a) and LVEF
Multiple linear regression analysis was used to evaluate the independent factors associated with LVEF. The plasma Lp(a) levels entered the regression analysis as a linear variable. Other variables identified as statistically significant in the univariate analysis (EF < 50% vs. EF ≥ 50%) also entered the regression equation. Age and sex were also included as important demographic characteristics. Furthermore, factors associated with plasma Lp(a) levels also entered the regression equation. Finally, various factors including age, male sex, plasma Lp(a) levels, serum creatinine levels, plasma HDL-C levels, plasma LDL-C levels, and hemoglobin were included in the multiple linear regression analysis. The results indicated that plasma Lp(a) levels, male sex, and serum creatinine levels were independent factors correlated with LVEF in patients with hypertension and without CAD (Table II) .
Independent correlation between Lp(a) and LVEF < 50%
Independent factors associated with LVEF < 50% were evaluated using multiple logistic regression analysis. The plasma Lp(a) levels entered the logistic regression analysis as a linear variable or as quartiles respectively (model 1 or model 2). Age, sex, and other variables identified as statistically significant in the univariate analysis were also included in the regression equation. The regression analysis in model 1 indicated that plasma Lp(a) levels (OR = 5.566, 95% CI: 1.745-17.758, p = 0.004) and male sex were independent fac- 
BMI -body mass index, SBP -systolic blood pressure, LDL-C -low-density lipoprotein cholesterol, HDL-C -high-density lipoprotein cholesterol, Lp(a) -lipoprotein(a), HbA 1c -glycated hemoglobin, LVEF -left ventricular ejection fraction, ACEI -angiotensin-converting enzyme inhibitors, ARB -angiotensin receptor antagonists. Values are means ± SD or numbers with percentage in parentheses.
tors correlated with LVEF < 50% in hypertensive patients. At the same time, plasma Lp(a) levels (quartile 4: OR = 3.234, 95% CI: 1.290-8.105, p = 0.012, quartile 1 as reference), male sex, and serum creatinine levels were independently correlated with LVEF < 50% in model 2 (Table III) .
Independent correlation between Lp(a) and LVEF categories
In order to investigate which factors were independently correlated with the severity of left ventricular systolic dysfunction, ordinal logistic regression analysis was used to evaluate the correlation between various factors and different LVEF categories (≥ 50%, 35-49%, and < 35%). Age, male sex, plasma Lp(a) levels, serum creatinine levels, plasma HDL-C levels, plasma LDL-C levels, and hemoglobin (as in the above-described multiple linear regression analysis) were included in the ordinal logistic regression analysis. The results showed that plasma Lp(a) levels (OR = 5.760, 95% CI: 1.831-18.120, p = 0.003), male sex, and serum creatinine levels were independently correlated with different LVEF categories (Table IV) .
Discussion
The incidence, prevalence of and overall mortality from ischemic heart disease and chronic heart failure (CHF) have been increasing in recent decades [8, [10] [11] [12] [13] . Hypertension, alone or in combination with ischemic heart disease, precedes the development of heart failure and causes more deaths. The relative risk of CHF among patients with hypertension is significantly higher than in the general population [14] . Hypertension is one of the most important modifiable risk fac- Table II . Factors associated with LVEF using multiple linear regression analysis tors for CHF [15] . Hypertension and CHF are both major public health problems in China. The prevalence of LVEF < 50% in Chinese hypertensive patients without CAD is 3.6% in this study. Thus, heart dysfunction in hypertensive patients should receive more attention. In this study, a higher percentage of hypertensive patients with LVEF < 50% were men, and had lower plasma HDL-C levels, but higher plasma Lp(a), serum creatinine, and hemoglobin levels than those with EF ≥ 50%. The data from the Framingham Heart Study also indicated that male sex significantly predicted the new onset of heart failure and reduced ejection fraction (HFREF) during an 8-year follow-up [16] . Chronic kidney disease (CKD) was very common in CHF and was independently associated with longterm adverse outcomes in some cohort studies [17, 18] . Large epidemiological studies revealed that more than 30% of patients hospitalized for decompensated HF have a glomerular filtration rate (GFR) < 60 ml/min/1.73 m 2 [19, 20] . Numerous studies have confirmed the role of inflammation in both ischemic and non-ischemic heart failure. The HDL-C is anti-inflammatory and may help to improve heart failure. A previous study showed that HDL-C was decreased in patients with advanced heart failure waiting for heart transplant [21] . Framingham Heart Study also suggested that low HDL-C and a high hematocrit can predict incident cardiac failure during long periods of follow-up [22] .
In this study, Lp(a) was one of the significant factors associated with left ventricular dysfunction. Lp(a) was independently correlated with EF, EF < 50%, or different EF categories respectively after adjusting for other potential confounders. The Lp(a) was proved to be strongly associated with CAD and MI [4, 5] , which can be promoted by hypertension and can increase the onset of heart failure. Thus, Lp(a) might be correlated with left ventricular dysfunction in hypertensive patients by promoting the development of ischemic heart disease. However, we excluded CAD and MI patients in this study. It means that the association between Lp(a) and heart dysfunction in this Chi- nese population of hypertensive patients is possibly independent from ischemic heart disease. In fact, a previous study showed that the Lp(a) levels in age-and sex-matched normal people were significantly lower than those of either the CHF or the heart transplant recipients, who included both ischemic and non-ischemic heart disease patients [21] . But the sample size was small in that study, and multiple regression analysis was not used to evaluate the independent correlation between Lp(a) and heart failure. However, we evaluated the independent association between Lp(a) and non-ischemic heart systolic dysfunction in hypertensive patients in this study. Also, a recently published study demonstrated that elevated Lp(a) levels and corresponding LPA risk genotypes were associated with an increased risk of heart failure consistent with a causal association in a general population. The association appeared to be partly mediated by myocardial infarction and aortic valve stenosis [23, 24] . However, the authors could not exclude an additional contribution from Lp(a), also acting via other presently unknown mechanisms that affect cardiac function independently of CAD and aortic valve stenosis. They also speculated that high Lp(a) levels may possibly lead to increased arterial stiffness, including vascular noncompliance in the aorta, which will increase afterload, and which had been strongly associated with increased risk of HF. Thus, we speculate that the association between high Lp(a) and low LVEF was possibly mediated by increased arterial stiffness, aortic valve stenosis, or other unknown mechanisms in our study population. Our study should also be interpreted within the context of its limitations. First, this is a cross-sectional study, so a causal relationship between Lp(a) and heart systolic dysfunction remains to be confirmed. Pathophysiological mechanisms of the association between Lp(a) and LVEF are unknown and need further studies. Second, although the overall population size is reasonable, the sample size of subjects with low LVEF is rather small, which might impair the power. Third, subjects had received hypotensive drugs before blood pressure was measured. Thus, blood pressure in this study cannot be considered as a good index of hypertension severity. It is a limitation that we did not include any measure of the severity of hypertension.
In conclusion, LVEF decreases with increasing plasma Lp(a) levels. Lp(a) is independently correlated with left ventricular systolic dysfunction in patients with hypertension and without CAD.
